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$f(x)=0$ , $f$ : $U\subset R^{m}arrow R^{m}$ , (2)
,
$\bullet$ ( ) , .
$\bullet$ .







1 $X,Y$ Banach , $U\subset X$ , $f$ : $Uarrow Y$ $C^{I}$ . $f(x)=0$
$x_{0}\in U$ , $L$ : $Yarrow X$ ( $f’(x_{0})^{-1}$ ) , $\delta>0$
, $(A)\sim(D)$ :
(A) $B(x_{0i}\delta)\subset U$ . , $B(x_{0};\delta)=\{x\in X|\Vert x-x_{0}\Vert\leq\delta\}$ .
(B) $E$ , $K_{0}>0$ ,
$\Vert E-Lf’(x)\Vert\leq K_{0}$ , $\forall x\in B(x_{0};\delta)$ . (3)
(C)




3(a) $f(x)=0$ $x^{*}$ $B(x_{0};\delta)$ .-
,
$x_{k+1}=x_{k}-Lf(x_{k})$ . $(k\geq 0)$ (6)
$\{x_{k}\}$ ,
(b)
$x_{k}\in B(x_{0};\delta)$ . $(k\geq 0)$ (7)
(c)
$x_{k}arrow x^{*}$ . $(karrow\infty)$ (8)
(d)
$\Vert x_{k}-x^{*}\Vert\leq\frac{\Vert Lf(x_{k})\Vert}{1-K_{0}}$ $(k\geq 0)$ (9)
(e)
$\Vert x_{k}-x^{*}\Vert\leq\frac{K_{0}^{k}}{1-K_{0}}\Vert Lf(x_{0})\Vert$ . $(k\geq 0)$ (10)
1 (C) ,
$g(x)=x-Lf(x)$ , (11)
$g$ : $B(x_{0};\delta)arrow X$ , , ,
(D) $g$ , , $z_{1},$ $z_{2}\in B(x_{0};\delta)$ ,
$\Vert g(z_{1})-g(z_{2})\Vert\leq K_{0}\Vert z_{1}-z_{2}\Vert$ , $(K_{0}<1)$ (12)
.
, (6)
$\{x_{k}\}$ , . ,







, $m$ $x$ , $A=[a_{ij}](m\cross m$
) .
$\Vert x\Vert=\max_{1\leq i\leq m}|x_{i}|$ , (13)
$\Vert A\Vert=\max_{1\leq i\leq m}\sum_{j=1}^{m}|a_{ij}|$ . (14)
$f$ : $U\subset R^{m}arrow R^{m}$ 1 . , $Q$ .
1 $f$ $\{f_{N} : U\cap Q^{m}arrow Q^{m}\}(N=1,2, \ldots)$
,
$\Vert f_{N}(x)-f(x)\Vert\leq\epsilon_{N}$ , $\forall x\in U\cap Q^{m}$ (15)
\epsilon N $>0$ ,
$\epsilon_{N}arrow 0$ . $(Narrow\infty)$ (16)
, $f(x)=0$ $x_{0}\in U\cap Q^{m}$ ,
2 $x^{*}\in U$ :
2( 1) $U\subset R^{m},$ $f$ : $Uarrow R^{m}$ 1
Cl . $f(x)=0$ $x_{0}\in U\cap Qm$ , $m\cross m$
$L$ ( $f’(x_{0})^{-1}$ ) , $f$ $f_{N_{0}}$ , $\delta>0$ ,
$(A’)\sim(C’)$ :
(A’) $B(x_{0};\delta)\subset U$ $(B(x_{0};\delta)=\{x\in R^{m}|\Vert x-x_{0}\Vert\leq\delta\})$ .
(B’) $E$ $m\cross m$ ,
$\Vert E-Lf’(x)\Vert\leq K_{0}$ , $\forall x\in B(x_{0}; \delta)$ (17)
$K_{0}>0$ .
5(C’) $0<c\leq 1$ $c\in Q$
$\Vert L\Vert(\Vert f_{N_{0}}(x_{0})\Vert+\epsilon_{N_{0}})+K_{0}\delta\leq c\delta$ (18)
, $B(x_{0};\delta)$ $f(x)=0$ $x^{*}$ .
( )
1
$\Vert f(x_{0})\Vert\leq\Vert f_{N_{0}}(x_{0})\Vert+\epsilon_{N_{0}}$ . (19)
(18) $,(19)$
$\Vert Lf(x_{0})\Vert+K_{0}\delta\leq c\delta$. (20)
, (18)
$K_{0}<c$ . (21)
, $0<c\leq 1$ , (18) , 1 $(C),(D)$
, 2 (C’) $c=1$ .
,
, $c$ 1 .
4
2 ,
, $f(x)=0$ $x_{0}\in U\cap Q^{m}$ , $f’(x_{0})^{-1}$
$\Vert E-Lf’(x)\Vert\leq K_{0}$ , $\forall x\in B(x_{0};\delta)$ (22)
$m\cross m$ $L$ , $K_{0}>0$
, 2 (A‘)\sim (C’) \delta >0 . ,
$f’(x)$ \alpha - , $x_{0}$ $f$
, L , Ko .
2 $f(x)$ $f’(x)$ $\alpha-$ ,
$\Vert f’(x_{1})-f’(x_{2})\Vert\leq\alpha\Vert x_{1}-x_{2}\Vert$ , $\forall x_{1},$ $x_{2}\in U$ (23)
6, \alpha $>0$
1( $L$ )
$f(x)=0$ $x_{0}\in U\cap Q^{m}$ ,
Step 1: $x_{0}$ \mbox{\boldmath $\rho$}\in Q \mbox{\boldmath $\sigma$} $=co\{v^{0}, \ldots, v^{m}\}$ $(co\{v^{0}, \ldots , v^{m}\}$
$m+1$ $v^{0},$ $\ldots,$ $v^{m}(v^{i}\in Q^{m})$ ).
Step 2: \mbox{\boldmath $\sigma$} , $f_{N_{0}}$ $A_{\rho,N_{0}}(\sigma)$
.
Step 3: $A_{\rho,N_{0}}(\sigma)$ \eta , $\tilde{A}$ .
Step 4: A\tilde , $L$ .
1 Step 1 , $v^{0},$ $\ldots,$ $v^{m}$
[6] :
$v^{0}[j]=x_{0}[j]- \rho\frac{m+1-j}{m+1}$ , $(j=1, \ldots, m)$
( $v^{0}[j],$ $x_{0}[j]$ $v^{0},$ $x_{0}$ $i$ ) (24)




1 , \mbox{\boldmath $\lambda$} $=(\lambda_{0}, \ldots, \lambda_{m})$ $x\in\sigma$ , ,
$x= \sum_{i=0}^{m}\lambda_{i}v^{i}$ , $\sum_{i=0}^{m}\lambda_{i}=1$ , $\lambda_{i}\geq 0$ , $i=0,$ $\ldots,$ $m$ (26)
$x$ , $f_{N_{0}}$ $f$ [61,
$F_{\rho,N_{0}}(x)= \sum_{i=0}^{m}\lambda_{i}f_{N_{0}}(v^{i})$ , (27)
. $F_{\rho,N_{0}}$ : $Uarrow R^{m}$ \mbox{\boldmath $\sigma$} ,
$m\cross m$ $A_{\rho,N_{\text{ }}}(\sigma),$ $m$ $b_{\rho,N_{0}}(\sigma)$ ,
$F_{\rho,N_{0}}(x)=A_{\rho,N_{0}}(\sigma)x+b_{\rho,N_{0}}(\sigma)$ , $x\in\sigma$ (28)
7. $m\cross m$ $A_{\rho,N_{0}}(\sigma)$ , $x\in\sigma$ $f’(x_{0})$ ,
:
$A_{\rho,N_{0}}( \sigma)=\frac{1}{\rho}[f_{N_{0}}(v^{1})-f_{N_{0}}(v^{0}),$ $\cdots,$ $f_{N_{0}}(v^{m})-f_{N_{0}}(v^{m-1})]$ . (29)
$f’(x_{0})$ $A_{\rho,N_{0}}(\sigma)$ , (14) 1
.
1[6] 1, 2 ,









( , $\rho_{N_{0}},\beta_{N_{0}}$ ).
1 Step 3 , $A_{\rho,N_{0}}(\sigma)$ \eta
A , 2 .
2
$\Vert A_{\rho,N_{0}}(\sigma)-\tilde{A}\Vert\leq m\eta$ . (34)
2 $f’(x_{0})^{-1}$ $L$ , $\tilde{A}$ , 2
3 .
83( 2) 1, 2 , $f(x)=0$ $x_{0}\in$
$U\cap Q^{m}$ , $f_{N_{0}}$ , 1 $m\cross m$ $L$
,
$B(x_{0}; \delta)\subset U$, (35)
$\Vert L\Vert(\Vert f_{N_{0}}(x_{0})\Vert+\epsilon_{N_{0}}+\alpha\delta^{2}+(\beta+m\eta)\delta)<c\delta$ , (36)
$\delta>0$ , $B(x_{0} : \delta)$ $f(x)=0$ $x^{*}\in U$ .
( ) 2 , $L$ 1 ,
$\Vert E-Lf’(x)\Vert=\Vert L(\tilde{A}-f’(x))\Vert$
$\leq\Vert L\Vert(\Vert\tilde{A}-A_{\rho,N_{0}}(\sigma)\Vert+\Vert A_{\rho,N_{0}}(\sigma)-f’(x_{0})\Vert+\Vert f’(x_{0})-f’(x)\Vert)$
$\leq\Vert L\Vert(m\eta+\beta+\alpha\Vert x_{0}-x\Vert)$ . (37)
(37) , $x\in B(x_{0};\delta)$ , $K_{0}=\Vert L\Vert(\alpha\delta+\beta+m\eta)$ , , (36)
\delta >0 , 2 (B’),(C’)
2 3 (36) $\delta>0$ ,
$(\beta+m\eta)\Vert L\Vert<c$, (38)
$\frac{4\alpha\Vert L\Vert^{2}(\Vert f_{N_{0}}(x_{0})||+\epsilon_{N_{0}})}{(c-(\beta+m\eta)||L\Vert)^{2}}<1$ , (39)
. (38),(39) , $\delta>0$
$\overline{\delta}-d<\delta<\overline{\delta}+d$ (40)
.
$\overline{\delta}=\frac{1}{2\alpha}(\frac{c}{\Vert L\Vert}-\beta-m\eta)$ , (41)
$d=\sqrt{\overline{\delta}^{2}-\frac{\Vert f_{N_{0}}(x_{0})\Vert+\epsilon_{N_{0}}}{\alpha}}$. (42)
, (42) $d$ , ,
95 ,
, 2 , , $f(x)=0$ $x_{0}\in U\cap Q^{m}$ $x^{*}\in U$
, x0 , f ,
.
, $f(x)=0$ $x_{0}\in U\cap Q^{m}$ , $m\cross m$ $L$ ,
$0<c<1$ $c\in Q$ , 2 $(A’)\sim(C’)$ $\delta_{0}>0,$ $K_{0}>0$
, $0<\kappa<1-c$ \kappa \in Q .
\delta k-l $\in Q$ $x_{k-1}\in U\cap Q^{m}$ $x_{k}\in U\cap Q^{m}$
, \delta k\in Q $k$ $G_{k}$ : $U\cap Q^{m}arrow Q^{m}$ ,




$x_{k-1}\in U\cap Q^{m}$ .
Step 1:
$\Vert L\Vert\epsilon_{N_{k}}+r_{k}+\triangle_{k}\leq\kappa\delta_{k-1}$ (45)




Step 3: $g_{N_{k}}(x_{k-1})\in Q^{m}$ $r_{k}$ , $x_{k}$ .
Step 4: $(K_{0}+\kappa)\delta_{k-1}$ \triangle k , $\delta_{k}$ .
10
2 $\{x_{k}\}$ $X^{*}$ ,
$\bullet$ 2 $\{x_{k}\}$ $x_{0}$ \delta o ( $X^{*}$
) .
$\bullet$ $x_{k}$ x* \delta k .
2 . 2 , 4 .
4( ) 2 $x_{0}$ ,
, \delta 0 x* xo 2
$\{x_{k}\}(k\geq 1)$
$x_{k}\in B(x_{0};\delta_{0})\cap Q^{m}$ , (47)
$\Vert x_{k}-x^{*}\Vert\leq\delta_{k}\leq(I_{t_{0}’}’+\kappa)\delta_{k-1}$ , (48)
$(K_{0}+\kappa<1)$
( )
(47), (48) , , , $k\geq 1$
$\Vert x_{k}-x_{0}\Vert\leq\delta_{0}$ , (49)




$\leq\Vert G_{1}(x_{0})-g_{N_{1}}(x_{0})\Vert+\Vert g_{N_{1}}(x_{0})-g(x_{0})\Vert+\Vert g(x_{0})-x_{0}\Vert$ . (51)
1 2 Step 3 .





$\leq\Vert L\Vert\epsilon_{N_{1}}$ . (. 1 ) (53)





$<\delta_{0}$ . $(. \kappa+c-K_{0}<1)$ (55)
, $k=1$ , (49) . ,
$\Vert x_{1}-x^{*}\Vert+\Delta_{1}=\Vert G_{1}(x_{0})-x^{*}\Vert+\triangle_{1}$
$\leq\Vert G_{1}(x_{0})-g_{N_{1}}(x_{0})+\Vert g_{N_{1}}(x_{0})-g(x_{0})\Vert+\Delta_{1}+\Vert g(x_{0})-x^{*}\Vert$. (56)
1 , 2 , 3 , (45),(52), (53) ,
$\Vert G_{1}(x_{0})-g_{N_{1}}(x_{0})\Vert+\Vert g_{N_{1}}(x_{0})-g(x_{0})\Vert+\Delta_{1}\leq\kappa\delta_{0}$. (57)
4 , $x_{1}\in B(x_{0};\delta_{0})$ ,




$(K_{0}+\kappa)\delta_{0}$ \triangle 1 , $\delta_{1}$ ,
$\Vert x_{1}-x^{*}\Vert\leq\delta_{1}\leq(\Lambda_{0}^{\nearrow}+\kappa)\delta_{0}$ . (60)
12
, $k=1$ , (50) .
(ii) $k=l$
$\Vert x_{l}-x_{0}\Vert\leq\delta_{0}$ , (61)





$+\Vert g(x_{l})-g(x_{0})\Vert+\Vert g(x_{0})-x_{0},$ $\Vert$ (63)
1 2 Step 3 .




$\leq\Vert L\Vert\epsilon_{N_{l+1}}$ . (. 1 ) (65)
3 , $x_{l}\in B(x_{0};\delta)$ (12)
$\Vert g(x_{l})-g(x_{0})\Vert\leq K_{0}\Vert x_{l}-x_{0}\Vert$
$\leq K_{0}\delta_{0}$ . (66)
4 ,





$<\delta_{0}$ . $(. c+\kappa<1)$ (68)
13
, $k=l+1$ , (49) . ,
$||x_{l+1}-x^{*}||+\triangle_{l+1}=\Vert G_{l+1}(x_{l})-x^{*}\Vert+\triangle_{l+1}$
$\leq\Vert G_{l+1}(x_{l})-g_{N_{t+1}}(x_{l})\Vert+\Vert g_{N_{l+1}}(x_{l})-g(x_{l})||$
$+\triangle_{l+1}+\Vert g(x_{l})-x^{*}\Vert$ . (69)
1 , 2 , 3 , (45),(64), (65) ,
$\Vert G_{l+1}(x_{l})-g_{N_{l+1}}(x_{l})\Vert+\Vert g_{N_{l+1}}(x_{l})-g(x_{l})\Vert+\triangle_{l+1}\leq\kappa\delta_{l}$ . (70)
4 , $x_{l}\in B(x_{0};\delta_{0})$ ,
$\Vert g(x_{l})-x^{*}\Vert\leq K_{0}\Vert x_{l}-x^{*}\Vert$
$\leq K_{0}\delta_{l}$ . (71)
,
$\Vert x_{l+1}-x^{*}\Vert+\triangle_{l+1}\leq(K_{0}+\kappa)\delta_{l}$ . (72)
$(K_{0}+\kappa)\delta_{l}$ \triangle 1+1 , $\delta_{l+1}$ ,
$\Vert x_{l+1}-x^{*}\Vert\leq\delta_{l+1}\leq(K_{0}+\kappa)\delta_{l}$ . (73)
, $k=l+1$ , (50) .
(i)(ii) , $k\geq 1$ (49),(50) . $\square$
(6) , 1 K0
. 2 $\{x_{k}\}\subset U\cap Q^{m}$
$x^{*}\in U$ $\{\delta_{k}\}\in Q$ , (48) Ko+\kappa
.
, 2 (C’) 1 (C) ( \delta
$0<c\leq 1$ $c$ ). , $G_{k}$ $f$










$\bullet$ , , , .




1 1 , $f$ : $R^{m}arrow R^{m}$ :
$f(x)=(f_{1}(x), \ldots, f_{m}(x))$ , $x\in R^{m}$ , (74)
$f_{k}(x)=( \sum_{i=1}^{m}x_{i}^{3}+\sqrt{mk})/2m$ $(1 \leq k\leq m)$ .
\phi mk , f l
.
m=5 , ,





$\alpha=3,$ $\epsilon_{N_{0}}=1.0\cross 10^{-8},$ $\rho_{N_{0}}=3149/38567216$ ((32) ), $\eta=1.0\cross 10^{-4}$
1 $L$ . $c=1/10$ ,
(38) $\approx 4.07\cross 10^{-3}<c$
(39) $\approx 5.01\cross 10^{-5}<1$
, 3 . , \delta 0=1/3445144\approx 2.9 $\cross$ 10-7




$\alpha=3,$ $\epsilon_{N_{0}}=1.0\cross 10^{-11},$ $\rho_{N_{0}}=777/300930806$((32) ), $\eta=1.0\cross 10^{-4}$
1 $L$ . $c=1/10$ ,
(38) $\approx 7.96\cross 10^{-4}<c$
(39) $\approx 2.32\cross 10^{-8}<1$
, 3 . , $\delta_{0}=1/2081529083\approx 4.80\cross 10^{-10}$




, 1 , 5
. , $K_{0}\approx 4.07\cross 10^{-3}$
, $\kappa=1/100$ , 1 $x_{0}\in Q^{5}$ ,
2 {xk}, x* {\delta k} 2 . ,
2 Step 1 $\kappa\delta_{k-1}$ , $\Vert L\Vert\epsilon_{N_{k}}$ : $r_{k}$ : $\triangle_{k}=9$ :9 :2 .






3: ($m=5$ , 1 30 )
)
, , 3 xk l
30 . . 2,
3 10 23 13
.
4, 5 , (
) ,









$x_{0}$ : given, $x_{n+1}=rx_{n}(1-x_{n})$ , $0<r\leq 4$ , (75)
$\{x_{n}\}(1\leq n\leq m)$ , $X=(x_{1}, x_{2}, \ldots.x_{m})\in U$
$f(X)=(\begin{array}{l}x_{1}-rx_{0}(1-x_{0})x_{2}-rx_{1}(1-x_{1})|x_{m}-rx_{m-1}(1-x_{m-1})\end{array})=0$ , (76)
, 2 , $(U=[0,1]\cross$
$[0,1]\cross\cdots\cross[0,1]\subset R^{m})$ .
, (76) $X^{(0)}=\{x_{1}^{(0)} , x_{2}^{(0)}, \ldots, x_{m}^{(0)}\}\in U\cap Q^{m}$
:
3( $X^{(0)}$ )
$x_{0}^{(0)}$ $x_{0}\in[0,1]\cap Q$ . $n=0$ .
Step 1: $rx_{n}^{(0)}(1-x_{n}^{(0)})$ .
Step 2: $rx_{n}^{(0)}(1-x_{n}^{(0)})$ \mbox{\boldmath $\xi$} $>0$ , $x_{n+1}^{(0)}$ .
Step 3: $n=n+1$ . $n=m$ . Step 1 .
$\square$
3 Step 2 , $\Vert f(X^{(0)})\Vert\leq\xi$














$a_{i}=r(2x_{i}-1)$ , $(i=1, \ldots, m)$ (79)
. $X^{(0)}\in$ U\cap Qm $X^{*}\in U$ ,
, 2 .
$f’(X^{(0)})^{-1}$ $L$ , $f’(X^{(0)})^{-1}$ \eta $>0$
. , (14)
$\Vert f’(X^{(0)})^{-1}-L\Vert\leq m\eta$ . (80)
$X^{(0)}\in U\cap Q^{m}$ $x*\in U$
2 .
1( )
$B(X^{(0)}; \delta)\subset U$ , (81)
$\xi\Vert L\Vert+m\eta\Vert f’(X^{(0)})\Vert\delta+2r\Vert L\Vert\delta^{2}<c\delta$, (82)
$\delta>0$ , $B(X^{(0)}; \delta)$ $f(X)=0$ $x*\in U$
( )
$\Vert E-Lf’(X)\Vert\leq\Vert E-Lf’(X^{(0)})\Vert+\Vert Lf’(X^{(0)})-Lf’(X)\Vert$
$\leq\Vert f’(X^{(0)})\Vert\Vert f’(X^{(0)})^{-1}-L\Vert+\Vert L\Vert\Vert f’(X^{(0)})-f’(X)||$
$\leq m\eta\Vert f’(X^{0})\Vert+2r\Vert L\Vert\Vert X^{(0)}-X\Vert$ (83)
$X\in B(X^{(0)}; \delta)$ , $K_{0}=m\eta\Vert f’(X^{(0)})\Vert+2r\Vert L\Vert\delta$ , (82)
\delta >0 , 2 (B’),(C’) . $\square$
22
3 $||f’(X^{(0)})||$ , (14) ,
$\Vert f’(X^{(0)})\Vert=\max\{1,\max_{1\leq i\leq m-1}1+r(2x_{i}-1)\}$, (84)
. , (82) $\delta>0$ ,
$m\eta\Vert f’(X^{(0)})\Vert<c$ , (85)
$\frac{8r\xi\Vert L\Vert^{2}}{(c-m\eta||f’(X^{(0)})||)^{2}}<1$ , (86)





, (89) $d$ , , .
1 , , $X^{(0)}\in U\cap Q^{m}$
$\xi>0$ , , $L$ $f’(X^{(0)})^{-1}$
\eta >0 . , ||L|| \mbox{\boldmath $\xi$}, $\eta$
. $\Vert L\Vert$ , 1
$\xi$ , \eta 3 .
3
$\xi<\frac{c^{2}}{8r||L\Vert^{2}}$ (90)
$\eta<\frac{1}{m\Vert f’(X^{(0)})\Vert}(c-2\Vert L\Vert\sqrt{2r\xi})$ , (91)
, $\xi$ , \eta , 1 .
( ) , $\xi$ , (85) ,
$\eta<\frac{c}{m\Vert f’(X^{(0)}\Vert}$ , (92)
23
(86) ,
$\eta<\frac{1}{m\Vert f(X^{(0)})\Vert}(c-2\Vert L\Vert\sqrt{2r\xi})$ , $\eta>\frac{1}{m\Vert f’(X^{(0)})\Vert}(c+2\Vert L\Vert\sqrt{2r\xi})$ , (93)
,
$\eta<\frac{1}{m||f’(X^{(0)})\Vert}(c-2\Vert L\Vert\sqrt{2r\xi})$ . (94)
, $\eta>0$ ,




. $m=1OO$ , $(i)r=3.1$ ( $2$ ), (ii)r=3.186( ), 2
3 1 .
(i), (ii) , X(0) \mbox{\boldmath $\xi$}, L
\eta , $\Vert L\Vert,$ $\Vert f’(X^{(0)})\Vert$ , , 1 (85), (86)
, \delta , $K_{0}$ 6 (




7, 8 (75) ,
20 . $r=3.1$ , 7
14 ,
( ). , $r=3816$
, 8
, $x_{80}$ 1 .
24
6:












8: ($r=3.816$ , )
)
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